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Construction of a reference frame for studying
changes in species composition in grasslands:
the example of an old-field succession

GERARD BALENT

INSTITUT NATIONAL DE LA RECHERCHE AGRONOMIQUE
CENTRE DE TOULOUSE UNITE DE RECHERCHES SUR LES
SYSTEMES AGRAIRES ET LE DEVELOPPEMENT

BP 27 F-31326 CASTANET-TOLOSAN CEDEX

FRANGE

SUMMARY - Pyrenean grazing and crop land has been progressively abandoned to intensive production. This means that land
is changed to grazing areas, grazing areas experience exportation of soil fertility, and abandonment of shepherding and herding
allows animals to focus their consumption on the richer, greener areas. Under such conditions, the botanical composition of the
land changes, going through a process of succession. Correspondence Analysis was used to determine the ecological patterns
of vegetation in fields at different stages of abandonment. The model predicts the plant community dynamics and species turnover.

Key words: Correspondence Analysis, grazing, ecological succession, species diversity, community, sampling, Pyrenees.

RESUME - “Construction d’ un cadre de référence pour I étude des modifications de la composition des espéces dans les prairies:
I'exemple de la succession dans les champs délaissés”. Dans les Pyrénées, les pdturages et les terres cultivées ont été abandonnés
peu d peu. Ceci signifie que les terres sont consacrées au pdturage, et qu’elles subissent une perte de fertilité du sol, et ainsi,
le systéme pastoral étant abandonné, les animaux sont mis a pdturer dans des terrains bien plus riches et bien plus verts. Ces
conditions font que la composition botanique des terres soit modifiée, un processus de succession ayant lieu. L’'Analyse de
Correspondances a été utilisée afin de déterminer la structure écologique de la végétation dans ces régions lors des différentes
étapes de cet abandon. Le modéle utilisé prédit la dynamique de cette communauté végétale et de la succession des espéces.

Mots-clés: Analyse de Correspondances, pdturage, succession écologique, diversité des espéces, communauté, échantillonnage,
Pyrénées.

Methodological problems are inherent to these
approaches. Some authors focus on relevés ordination,
others on species ordination, a few on both species and
relevés ordination (Prodon and Lebreton, 1981). More-
over there are many questions about choice and validity
of ordination methods with an “over-emphasis on metho-
dology and technique rather than ecological application,
low levels of use in applied studies and an increased
tendency to use complementary and multiple analysis”

Introduction

A community can be defined as a set of organisms
from different species which coexist within the same
habitat and interact across trophic and neighbourhood
relationships (Lincoln ez al., 1982). Communities are
generally open and overlap in a continuous way along
environmental gradients rather than forming patches

clearly separated (Whittaker, 1967; Giller, 1984). Studies
on relationships between species composition of commu-
nities and their habitat are numerous, either to compare
the difference in species composition between different
habitats, or to analyze the evolution of species composi-
tion in time (Whittaker, 1967; 1973; Austin, 1980; Austin
and Austin, 1980; Naveh and Whittaker, 1980; Hous-
sard et al., 1980; Bouxin and Gautier, 1982; Hutchings,
1983; Willens, 1983; Balent and Duru, 1984; Van der
Maarel, 1988) stressed the importance of gradient
analysis and ordination to answer these questions.

(Kent and Ballard, 1988).

In this paper, I want to illustrate the capacities ‘of
Correspondence Analysis (CA) to answer with both mathe-
matical and ecological accuracy two questions related to
vegetation dynamics. What are the main ecological
factors gradually affecting the structure and evolution of
species composition of communities? These gradients
can be defined either a priori and then, we have to fit
the species composition to them, or a posteriori from
the changes in species composition (i.e. like factorial
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axes are), and then we have to determine the signifi-
cance of these gradients from correlation with extra data
on environment (Prodon and Lebreton, 1981; Hacker,
1983). What is the value of the ordination of species
along a defined a posteriori environmental gradient? The
accuracy of the answer of the different species mainly
depends on the quality of the sampled ecological universe
(Balent and Courtiade, 1990). If a type of environmental
condition is overlooked, the relative answer of the species
differs.

The comparison of a set of relevés with CA allows
us to establish a hierarchy of independent ecological
factors acting on the structure and dynamics of the commu-
nities (Lacoste and Roux, 1971; 1972; Guinochet, 1973;
Montard and Gachon,. 1978; for plant community). For
a given species x relevés matrix, CA extracts the
maximum of variance from the matrix (Lebreton et al.,
1988) and provides the best reciprocal ordination of the
species and the relevés (Benzecri et al., 1973; Esteve,
1978; Chessel et al., 1982). It is a useful tool to model
the turn-over of species along the different ecological
factors or gradients (Prodon and Lebreton, 1981) and
provides new measurements of Habitat Amplitude (HA)
and Ecological Diversity (ED) of the relevés along these
gradients (Chessel et al., 1982; Prodon, 1988).

In this paper, I give an example of the possibilities
of Correspondence Analysis analyzing an old-field succes-
sion in the French Pyrenees.

Rationale and methods

1. The old-field succession

For reasons which we will not go into here, the
Central Pyrenees suffered, between 1850 and 1900, a
loss of 40% of its population. Pressure on the land dimin-
ished at the same time as available labour declined.
Crop-fields started diminishing at the beginning of the
century and were replaced by hay-fields. The hay-fields
started disappearing significantly after the nineteen fifties
under the effects of the development of mechanical
farming and the drop in the number of animals. In the
6 valley, where this work was conducted, cultivated land
dropped from 100 to 10 ha, while hay-fields declined
from 100 to 75 ha. Thus a total of more than a hundred
hectares have become grazing land used in a collective
way in association with communal lands.

These areas (commons, old meadows, old fields) are
now not fertilized at all. Animals eat the grass and export
the greatest part of the fertilizing elements; they only
return a small fraction with their droppings, they leave
manure in the buildings which is then only spread on
the crop-fields and the hay-fields (Balent and Duru,
1984). When a crop-field is transformed into a hay-
field, its annual productivity of dry matter is very high
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at the beginning, due to the large reserves of fertilizer
clements left from manure farming practices. It then
drops exponentially during twenty to twenty-five years
until it stabilizes at a level corresponding to the amount
of manure spread. So whatever the land use is, the
fertility of the fields always decreases along the old-
field succession.

The abandoning of herding obligations in the valley
bottom areas soon followed by the disappearance of the
permanent communal shepherds and cowherds, is the
second decisive evolution in grazing practices. Free
ranging animals are attracted to those parts of the land
with the best flora and the greenest grass (Arnold and
Dudzinski, 1978; Low et al., 1981; Balent, 1987) and
most often go to the most fertile and best maintained
areas (hay-fields and old-fields). In leaving the marginal
areas which have long since not been cultivated or cut,
they accelerate the process of land returning to the wild.

2. Sampling design

Seventy fields were selected by a stratified sampling
of the diversity of the pastoral territory of the valley
according to the range of variation of two a priori
important factors: the management history (Balent and
Duru, 1984) and the actual grazing pressure estimated
from observations on the grazing and spatial behaviour
of grazing cattle and sheep (Balent, 1987). Botanical
composition is measured with the quadrat-point method
(50 points along a 20 m line)

3. Data processing

3.1. Modelling the old-field succession

The 70 relevés x 223 species matrix was analyzed
by Correspondence Analysis (CA) (Benzecri et al., 1973).
Recently, several papers have tried to compare and
discuss the set of classification and ordination methods
in plant ecology (Minchin, 1987; Kent and Ballard, 1988;
Knox, 1989). Gauch (1982) severely criticised CA
speciaily because of the distortion caused by the Guttman
éffect (arch shoe effect) at the poles of the F1 axis. To
correct the arch-shoe effect Gauch in 1982 proposes to
artificially equalize the variance along the factorial axes
and so changing the scores of the species and the relevés.
Consequently, Detrended Correspondence Analysis looses
probably the most interesting property of CA for purpose
of ordination: the canonical correlation obtained between
species and relevés (Benzecri et al., 1973; Esteve, 1978;
Chessel et al., 1982). Another criticism of Gauch is on
the non-independence of the first and second axes of
CA. As it is shown here after a mathematical artifact
does not imply automatically an ecological artifact.
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I run CA on cover data prior to presence data
because “transformation of vegetation cover data to pres-
ence data ignores the details of the local species
dynamics and emphasizes the coarser grained signal of
local species extinction and colonization” (Allen and
Wyleto, 1983; Allen, 1987). Presence data are to be
used when the main focus of the study is on the rela-
tionships between plants and physical environment i.e.
on the upper levels of plant distribution. Otherwise, vege-
tation cover data are more suitable to study local evolu-
tion i.e. community dynamics at lower levels of organ-
ization where the abundance of species evolves more
rapidly than botanical composition. Plantureux er al.,
(1987) have nicely illustrated this point for intensively
managed grasslands.

3.2. Habitat Amplitude (HA) and Ecological
Diversity (ED)

Chessel et al., (1982) have proposed a definition for
Habitat Amplitude (HA) and Ecological Diversity (ED)
based on the reciprocal.ordination of species and relevés
provided by CA.

Habitat Amplitude (HA) of a species is defined by
the more or less important dispersion of the relevés
where the species is present along an ecological gradient.

In the same way, for a given set of species ranked
along a gradient, the dispersion of all the species of one
relevé along this gradient can be considered as a
measurement of the ecological diversity of the relevé
(Chessel et al., 1982). This ecological diversity increases
with the dispersion of the- species of the relevé on the
gradient. It does not depend upon the number of species
as the Shannon Index does, but simply on the ecological
response of the different species along the gradient. As
a diversity measurement, ED gives an optimal account
of the within-relevés diversity (o-diversity) (Chessel et
al., 1982).

Results and discussion

Ecological factors influencing botanical
composition

From the scores of both species and relevés and
extra information on past and present management of
the fields, we have established (Balent and Durn, 1984;
Balent, 1986, 1987) that F1 ordination (canonical corre-
lation= 0.66) was a residual fertility gradient and F2
(canonical correlation= 0.50) a grazing pressure gradient
reflecting the present management of the plant commu-
nities. The significance of these two factors reflects of
course the sampling methods. Here the main purpose is

i
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ordination of species and relevés according to ecological
factors which importance was established a priori.

The two highly significant relationships demonstrate
that, despite the arch-shoe effect, axes F1 and F2 reflect
an ecological reality.

F1=A+B(IP)+C(IK) n=18 R?=87"*

PI and KT are respectively indices of phosphorus and
potassium uptake by plants (Balent and Duru, unpub-
lished data);

F2=A’+B’(DM) n=23 R?=.51""

DM = Dry Matter collected by grazing animals
(Balent, 1987).

The present management practices (F2) are a func-
tion of the residual fertility (F1) as it was shown by
Balent and Duru, 1984; Balent, 1987). Esteve (1978)
highlighted the point that the mathematical independ-
ence of the successive axes carried out by CA did not
imply their ecological independence.

Modelling the plant community
dynamics

The interaction between F1 and F2 models the rela-
tionships between the past and present management of
the valley’s pastoral territory (Fig. 1). Indeed all of the
fields, representing the total valley bottom land area, are
to be found between two “envelop” curves (a) and (b).
The few fields located to the left of the curve (a) corre-
spond to the transition between herbaceous vegetation
types and overgrown abandoned fields. The (b) curve
represents the maximum value observed in the present
management system, of the grazing pressure as a func-
tion of the residual fertility of soils.

At first, if it has not been grazed, which is rather
rare because of common winter grazing, it will quickly .
become overgrown abandoned land (T1 trajectory). Other-
wise, the animals through their trampling will contribute
to the gradual disappearance of wild species (e.g. Urtica
sp., Arctium minus) and will favour the growth of good
grazing species (e.g. Dactylis glomerata, Trifolium
repens, Poa pratensis). The appetibility of the vegeta-
tion and the pastoral value will increase, and given the
absence of shepherding, so will visits by the animals.
The flora will continue to improve and the pastoral value
of the field will reach its maximum at the same time
as the frequency of animal visits.

Secondly, the continuous decrease of soil fertility
because of leaching and grazing exportation of the fertil-
izing elements, will lead to the disappearance of the
most demanding vegetation species and consequently to
the diminishing of the pastoral value. The animals will
then abandon it to visit fields which have not been
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abandoned so long and which in their turn, have reached
their maximum pastoral value. This scenario, which is
the most widespread, corresponds to T3 or T4 type evolu-
tion trajectories according to the intensity of the grazing
pressure following abandonment of cultivation. The fields
end up by either stabilizing with a lawn type vegetation,
or by evolving towards a coppice type (T2) vegetation
if they are Jocated near a hedge or a wood.

This model can be used to characterize the different
evolutionary modes for pastoral areas. It can also be
used to estimate the speed of these evolutions. Using
surveys of retired farmers, and studies of aerial photo-
graphy, we estimated that the evolutionary speed of an
abandoned field roughly follows a logarithmic scale along
F1. This hypothesis as well as the validity of the evolu-
tionary trajectories for the fields have been confirmed
by the shifting of fields introduced into the model after
5 years of evolution (Fig. 1: Balent, 1987).

Modelling the species turn-over along
the old-field succession

1. Ecological Diversity

The main goal of diversity measurement within a
community is to give an account of its degree of organ-
ization. (Goodman, 1975). Within a region, the nature
of community diversity is double and depend upon the
diversity between relevés (B-diversity) and within relevés
(o-diversity) (Whittaker, 1972; Routledge, 1984). CA
maximizes B-diversity and minimizes at the same time
o-diversity (Prodon, 1988).

A lot of indices have been used to characterize the
degree of organization of a community. To illustrate the
basic difference between structural and functional indices
I present on Figs. 2 and 3 the behaviour, along F1 and
F2 axes of CA, of Species Richness, Shannon H’ Index
and Ecological Diversity sensu Chessel et al., (1982).

Species richness and H’ present the same patterns
of variation along F1. The general trend is toward an
increase with the age of the community even within
group of fields with heavy grazing. The ecological diver-
sity (F1- diversity) behaves in an opposite way
decreasing with time. In fact, the Fl-diversity presents
strong values at the early stages of the succession that
drops to a more or less constant value till the end of
succession.

As I mentioned above, the ecological diversity
increases with the dispersal of the species of the relevés
along the factorial axis. In the early stages of old-field
succession, the plant density is low and the high residual
fertility prevents a high competition level, so species
with different ecological preferences may coexist within
the same old-field.
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Competition increases with grazing pressure (Donald,
1963) and with the loss of fertility. New species invade
the field but only species well fitted to local condition
of grazing pressure and residual fertility. The stabiliza-
tion of F1-diversity at a low level reflects the ecological
coherence of the community: all the species have similar
ecological preference along F1, and the mean ecological
response of the community and of the species are the
same. In the following stages of the succession, F1-
diversity is constant while the number of species
increases. This probably means that, in the relevés corres-
ponding to the last stages of the old-field succession,
the species should have very close ecological prefer-
ences.

Along the F2 gradient of grazing pressure, species
richness and Shannon diversity behave in the same way,
minimum values are at the extremes of the axis and
maximum values for intermediate grazing pressure. This
pattern seems to be classical (Collins and Barber, 1985)
even if different results have been established
{Macnaughton, 1983). In fact, if we except the early
stages of the old-field succession where grazing pressure
constrained the structure of the community, species rich-
ness and Shannon diversity decrease when grazing pres-
sure increases.

Ecological diversity (F2-diversity) roughly behaves
along F2 as it does along F1. Early stages of old-field
succession present a high F2-diversity for the reasons
I gave above i.e. mainly a poor competitive environ-
ment. Otherwise the F2-diversity remains constant along
a wide range of grazing pressure. Grazing pressure acts
on the ecological coherence of the community along F2
like residual fertility on F1 does. The main difference
is in the decreasing number of species while grazing
pressure increases i.e. a diminishing number of species
occupied the same ecological space. But when grazing
pressure reaches the highest levels F2-diversity starts
increasing again. Animal treading creates patches of bare
ground invaded by propagules of species necessarily not
well adapted to heavy grazing pressure. Overgrazing can
then be defined as the grazing pressure level when the

" ecological coherence of the community is changed.

2. Habitat Amplitude

The measurement of HA proposed by Chessel et al.,
(1982) presents, compared to very close techniques
(Daget and Godron, 1982), some decisive advantages
such as the canonical correlation of the reciprocal ordi-
nation of species along ecological gradients defined a
posteriori (indirect gradient analysis).

HA provides a measurement of the ecological ampli-
tude of a species within a community along one niche
L]
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Fig. 1. Trajectories of evolution of grassland communities in the Pyrenees after the abandonment of cultivation on the factorial
plan (F1,F2).
(up: Theoretical trajectories; down: Observed trajectories over 5 years)
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dimension. This dimension is not a resource as in the Fig. 4 shows the variation of Habitat Amplitude
Hutchinson hyper-volume (Hutchinson, 1958) but an  along F1 and F2 axes and the ecological preferences of

ecological factor constraining the structure of the commu-  the species (scores on the axes). HA exhibits a classical
i pattern of variation: minimal values are at the extremes
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Fig. 4. Patterns of variation of Habitat Amplitude of 223 species along the F1 axis (upper part) and the F2 axis (lower part).
The vertical bars represent, for each species, the variance of its distribution along the factor.
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of the axes and maximal values at the intermediate axes.
This simply means that specialist species are only found
at the beginning and at the end of the two gradients.

A wide HA may be the result of the coexistence,
within the same community, of phenotypes differing in
their ecological preferences, or of a single generalist
one. A narrow HA helps us to define a set of species
with good indicator values for applied ecological purpose.

Conclusion

As shown in this example of old-field succession,
Correspondence Analysis constitutes a useful tool to build
a model of changes in species composition of communi-
ties. But I want to outline the importance of sampling
design. The choice of the sites has to be considered as
a real experimental design in order to avoid missing
some existing state of the studied ecological system. By
introducing or eliminating relevés in CA in the first
steps of the analysis, we can maximize the canonical
correlation of the reciprocal ordination between species
and relevés and thus improve the quality of the
measurement of the ecological preferences of the species
within the community. The consequence is in a better
expression of the Habitat Amplitude which enable us to
measure the turn-over of species along the gradients and
of the Ecological Diversity.

Measurement of ED is probably the most significant
advantage of CA. As it has been shown above, this
index is not a simple measurement index of the struc-
tural diversity of the community like a lot of diversity
measurement indices are, it is a functional index giving
account of the ecological coherence of the community.
Traditional diversity indices are based on relative abund-
ance of the species and overlook the ecological charac-
teristics of species. On the other hand, the index proposed
by Chessel er al., (1982) constitutes a diversity index
sensu stricto (diversus = opposite, Prodon pers. comm.)
as based on the ecological answer of the species. Thus
it provides informations not only on the degree of
ecological homogeneity/heterogeneity of the species compo-
sition but also, in our example of the Pyrenean grass-
lands, on the stability/ instability of the species assem-
blage.

Effectively, the constancy of the value of the Fl-and
F2-diversities along the respective axes is a result of the
slowness of the evolution of the botanical composition
of the community after the abandonment of cultivation.
The turn-over of species has been so slow that at any
stage of the succession (except the early stages for Fl
and F2 and overgrazing for F2) both the ecological
answer of one relevé and of the species it owned are
the same.
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The possibility to introduce extra relevés into the
model allows us to analyse the changes occurring in
species composition of communities in a diachronic way
by introducing the same site at different dates (see the
validation of the trajectories of evolution), or a
synchronic way by introducing sites of different ages.

For example, if we introduce in the model a data
set from other regions where agricultural practises are
different, the ecological diversity behave differently
compared to the Pyrenees (Balent, in prep.). High levels
of disturbance e.g. over 300kg/ha/year of mineral
Nitrogen, lead the ecological diversity to fall to a very
low level, only a few ecologically similar species being
able to stand so intensive management. On the contrary,
a sudden reclamation of a very old oligotrophic commu-
nity lead ED to increase because species of rich envi-
ronment invade the site. So ED constitute a very prom-
ising tool to investigate community structure and evolu-
tion from a theoretical and a practical point of view.
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